Summary.-A comparative study has been made of fibroblasts obtained from patients with differing susceptibilities to malignant disease, both with respect to their chromosome complements and their transformation with SV40 virus. Fibroblasts from 2 Bloom's syndrome patients were found not to have raised SV40 transformation rates and no correlation was found between chromosome abnormality per se and transformation. Of 2 cell types with greatly increased rates, one was derived from a neurofibromatosis patient and the other from an A-T heterozygote. When SV40 DNA was employed as the transforming agent for the latter, the transformation rate was no longer raised.
MANY conditions associated with susceptibility to cancer can be classified either as chromosome damage syndromes [e.g. Fanconi's anaemia (FA), ataxia telangiectasia (A-T) and Bloom's syndrome] or as having errors in chromosome content such as Klinefelter's or Down's syndromes. In certain other syndromes such as neurofibromatosis, although there is a familial tendency towards malignancy, the disease has no obvious consistent abnormality of the chromosomes.
In some of these disorders, such as Down's syndrome and Fanconi's anaemia, the rate at which the fibroblasts transform with SV40 virus is increased when compared to cells derived from normal individuals (Todaro, Green and Swift, 1966; Todaro and Martin, 1967) . The finding of raised SV40 transformation rates for these and certain other cancer-susceptible patients (Mukerjee, Bowen and Anderson, 1970; Mukerjee et al., 1972) indicates that it might be possible to use the system to study the underlying mechanisms involved in determining individual susceptibility to cancer, although the complexity of the methodology involved precludes its use as a screening test (Webb and Harnden, 39 1976 ). However, studies on fibroblasts derived from A-T patients have shown that the correlation does not always hold true. A-T is associated with malignancies, particularly of the lympho-reticular system, and with leukaemia, yet fibroblasts derived from such patients were found to be not unusually susceptible to SV40 transformation (Kersey et al., 1972; Webb, Harnden and Harding, 1977) .
Using SV40 DNA as the transforming agent, Aaronson (1970) has reported that the rate-limiting step for virus transformation lies not at the level of DNA integration, but at some earlier stage in infection, probably during virus penetration and uncoating. Thus chromosome damage per se may not cause enhancement of SV40 transformation, but it seems possible that the DNA lesions which may precede the visible chromosome damage may also predispose the cell both to malignant transformation in vivo and to virus tranformation in vitro.
In this study fibroblasts from patients with different chromosome anomalies and differing susceptibilities to malignant disease are compared for their susceptibility to transformation by SV40 virus. (Swift, 1973; Swift et al., 1975) that such subjects have a statistically increased risk of cancer.
5. Patients whose cultured fibroblast strains had been found to carry marked clones in high proportions. These were A-T patients and heterozygotes.
Initial cultures were established in Ham's FlO with the addition of 20% foetal calfserum (FCS), 100 iu/ml of penicillin and 100 jig/ ml of streptomycin. For subsequent subcultures and routine cell maintenance the level of FCS was dropped to 10%.
Chromosome preparations were made for each cell strain at 48 h post sub-culture according to the method of Harnden (1974) . Banded preparations were made by both the Giemsa method of Seabright (1971) and the fluorescence method of Caspersson, Zech and Johansson, (1970 (1967) and further purified by the method of Sambrook et al. (1968) . Finally, the DNA concentration was estimated from the optical density and the DNA stored at -700 in 10-/Ig aliquots.
Transformation of fibroblasts with SV40.-Actively growing sub-confluent fibroblast monolayers were infected with 1000 pfu/cell of SV40 virus for a 3 h period. After 24 h the infected cells were replated at 5 x 104 cells/ 5 cm Petri dish and maintained as described by Todaro et al. (1966) . At 6-7 weeks after infection the cell monolayers were fixed in methanol and the transformed foci visualized with Giemsa.
In every transformation study, at least 15 replicate dishes were set up for each cell strain being investigated, and the experiments were repeated at least 3 times.
SV40 DNA was also used to infect subconfluent monolayers as described by Graham et al. (1974) . For each infection, 10 ,tg of SV40 DNA was used and the cells plated out at 5 x 104 cells/5-cm dish as for the virusinfected cells. Control cells were infected with calf thymus DNA alone.
T antigen detection
Fibroblast monolayers infected with SV40 or SV40 DNA as described above were subcultured at 24 h after infection on to 2-2-cm2 glass coverslips for a further 48 h growth. After washing 3 times in phosphate-buffered saline (PBS), the coverslips were fixed in acetone at -20°C for 50 sec. The cells were treated with 25 ,ul of 10 x diluted hamster anti-SV40 antibody (Flow Laboratories Ltd) for 1 h at 37°C, washed 4 times individually in PBS, and then 25 ,ul of fluoresceinconjugated swine anti-hamster IgG (Nordic Pharmaceuticals) diluted 10-fold, was added. After further incubation for 1 h at 37°C, the coverslips were once more individually washed x 4 in PBS before being mounted in the buffer on to glass slides. The percentage of SV40 T antigen-positive cells was estimated by 2 independent observers, and at least 1000 cells were screened for each cell line.
RESULTS

Chromosome studies
The analyses of the fibroblast strains are shown in Table I. 1. Analysis of cells from the normal patients lay within the normal limits for this laboratory . 2. As expected, the highest level of chromosome damage was found in the cells derived from 2 patients with Fanconi's anaemia. The Bloom's syndrome fibroblasts also exhibited elevated damage, and one line was further characterized bv the presence of 2 quadri-radials (Q-R) in 30 analysed cells (German and Crippa, 1966 with marked clones. In none of these was there an increased level of chromosome damage like that found in cultures from A-T patients (Cohen et al., 1975; Webb et al., 1977) . The strains derived from A-T patients used in this study all contained translocation clones, and their karyotypes have been reported (in press). (Webb et al., 1977) . Of the 4 strains of cells from A-T heterozygotes which carried marked translocation clones, 2 had raised rates and 2 did not. Those with normal rates were both from the same patient, whereas those with increased rates were from 2 different patients. A direct comparison between A-T heterozygote strains ATH4BI: 1 and ATHIBI: 1 shows that both carry translocated clones ( Fig. 1 and 2 ) but the transformation rate of ATH4BI:1 is 101+2*0 and that of ATHIBI: I is 0 9.
SV40 T antigen
In every case studied, a strong correlation was found between the percentage of cells which are positive for SV40 T antigen at 72 h after infection and the number of transformed colonies detected after 6 weeks of further incubation (Table II) (Aaronson and Todaro, 1968) .
Infection with SV40 DNA
When the A-T heterozygote strain ATH4BI: 1 was infected with SV40 DNA instead of whole virus, the rate of transformation was no longer significantly greater than for the control cells (Table  III) . This is in agreement with the results obtained for a study of Fanconi fibroblasts, where the transformation level with SV40 DNA was also found to be reduced to that of normal cells (Aaronson, 1970) . The level of chromosome damage, and the presence of SV40 T antigen in the cells infected with SV40 DNA, demonstrates interaction between virus DNA and the cell genome (Table III) (Chaganti, Schonberg and German, 1974) and to have slow DNA chain growth (Hand and German, 1975) but the basic defect has not yet been identified. Deficiencies in DNA repair can be linked to the subsequent production of chromosome aberrations (Bender, Griggs and Bedford, 1974) but it has not been established whether the high SV40 transformation rates shown by FA cells are due to the reported DNA repair deficiency (Poon, O'Brien and Parker, 1974; Sasaki, 1975) or whether there is an earlier ratelimiting step. Virus penetration and uncoating have been suggested (Aaronson, 1970) . Our finding that a fibroblast strain derived from an A-T heterozygote, although showing a high transformation rate after infection with SV40 virus, has a rate comparable to that of normal cells after infection with SV40 DNA lends support to these suggestions which were inferred from a study on Fanconi fibroblasts (Aaronson, 1970) .
Of the 2 cell types with greatly increased susceptibilities to transformation, one was an A-T heterozygote strain carrying a balanced translocation clone, and the other was derived from a patient with neurofibromatosis, where 7/60 cells lacked a chromosome from the F group. The presence of other balanced translocations in A-T or A-T heterozygote cells did not cause raised transformation rates, so the presence of a clone per se does not appear to predispose the cell line to transformation, although it is possible to envisage that specific translocations may exert an effect. Potter and Potter (1975) found certain trisomic cells to be susceptible to SV40 transformation while others were not.
Although a high degree of heterogeneity has been observed in A-T families (Hoar and Sargent, 1976) to cancer than normal individuals (Swift et al., 1975) , apart from the tendency to fibroblast clone formation found here, no abnormalities have been reported at the cellular level. Despite the differences between the properties of cultured fibroblasts from FA patients and strain ATH4BI: 1, the increased transformation sensitivity shown by the A-T heterozygote strain follows the same pattern as that shown by FA fibroblasts, in that it disappears when SV40 DNA is used as the transforming agent. The group of patients whose fibroblasts showed the greatest variation in their susceptibility to transformation by SV40 were those from the neurofibromatosis family. All the "non-involved" members, as expected, had rates lying within normal range, but those from the involved members varied considerably and care was taken to ensure that the differences were reproducible. The striking increase in transformation level shown by NFL: 1, was confirmed by the T antigen production of these cells at 72 h after infection. Even this result was not consistent however, for of the 3 involved members, only patient NF1 had raised levels, and then only in 2 of the 3 lines studied. The fact that different strains from one patient did not always show consistent susceptibility gives some measure of the complexity of the mechanism.
